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Abstroct

This study assesses the short-term (14- fo 20-day) concentration stability of
benzene, oluene, trans-1,2-dichioroethylene and frichloroethylene in soll
matrices, in the absence of volatilization losses. Previously, holding time
studies failed to eliminate volatilization as a variable, making them difficutt fo
interpret. Here, vapor-fortified soil subsamples, sealed in glass ampoulesfor 16
days, experienced appreciable reductions in benzense, presumably atiributable
only fo blodegradation. Treated soil subsamples, on the other hand, prepared
without vapor losses for either aqueous extraction headspace or purge-and-trap
analyses, showed appreciable reductions in toluene and lost all the benzene
over a 14-day holding period at 4°C. These findings suggest that chemical
preservatives are necessary 1o mainkain voiatile organic compound concentrations
in soil when more than a couple of days pass belween collection and analysis.

For conversion of Si metric units o U.S./British customary units of measurement
consult ASTM Standard E380-89a, Standard Practice for Use of the Infernational
Sysfem of Unifs, published by the American Society for Testing and Materials,
1916 Race St., Philodelphia, Pa. 19103.

This report is prinfed on paper that contains a minimum of 50% recycled
maferial.
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Concentration Stability of
Four Volatile Organic Compounds in
Soil Subsamples

ALAN D. HEWITT

INTRODUCTION

Soil samples collected for analyzing volatile or-
ganic compounds (VOCs) during hazardous waste
sitehvesﬁga&xuammm\elysluppedoﬁ-sxtefor
Iaboratory 'Ihnmhslnldmghme,mad—
dition to collection and handling practices, an im-
portant variable affecting the analyte concentrations
found. Currently, most site investigations use a soil
sample collection and handling procedure that has
been recommended by the U.S. Environmental Pro-
tection Agency (US. EPA 1986). This procedure
specifies that soils be first transferred to a shipping
and storage container, from which a subsample is
removed in the laboratory for analysis. The utensils
commonly used for these soil sample transfers all
have flat surfaces that allow the soil structure to
crumble. Sometimes these utensils are also wider
than the opening (2- to 3.5-cm diameter) of the ves-
sel into which the material is being placed. As a re-
sult, a considerable amount of soil surface area is ex-
posed at each transfer and VOCs are lost. In addi-
tion, when a container is filled to capacity with soil,
the vessel closure surfaces often become covered
with grains of soil that prevent a vapor-tight seal.

Recently, these practices that require multiple
transfers and fail to maintain the native soil struc-
analysis of VOCs because of the likelihood for vola-
tilization losses* (Urban et al. 1989, Siegrist and
Jenssen 1990, Lewis et al. 1991, Hewitt 1992, Hewitt,
in press!). One approach to minimizing these losses
has been to use a single-transfer method thatisolates
an appropriately sized soil subsample during field

collection. Additionally, the single-transfer proce-
dure needs to be done rapidly (in less than 10 sec-
onds), with limited disaggregation of the native sub-
strate and no soiling of the vessel’s closure surfaces.
One transfer utensil that has been used successfully
with a variety of soil types is a small coring device
reramdbymmovmg&uehperedendfmmalo-
cm” disposable syringe* (Hewitt 1992). This device
removes intact plugs of soils from freshly
surfaces and fits inside the mouth of a 40-mL VOA
analysis bottle, which can either contair a
vative-solvent such as methanol (MeOH) or be
equipped with a suitable cap to prevent the loss of
vapors prior to and during analysis.

This single-step, less disruptive transfer method
has resulted in VOC concentrations that were often
two orders of magnitude greater than those taken

ing the current EPA guidelines (Urban et al
1989, Hewitt 1992). Using this method, Urban et al.
(1989) isolated subsamples by ing them to
bottles containing MeOH, while Hewitt (1992) used
it along with another method suitable for low-level
(less than 1 ug of VOC/g) purge-and-trap gas chroma-

problems with sample collection and handling, the
stability of VOC concentrations, when subsamples
were not immersed in MeOH, was not evaluated.
Studies addressing a 14-day holding time or at-
tempting to establish new holding time limits all in-
cluded a transfer step or exposed the soil subsample
prior to analysis (Jackson et al. 1991, Maskarinec et
al. 1992, King 1993). For these reasons and others,

*Personal communication with TM. Spittler, U.S. Environmental Protection Agency, Envirorunental Services Division-

Region 1, Lexington, Massachusetts, 1989.




the observed losses were confounded by volatiliza-
tion and may not necessarily be representative of the
VOC concentration stability in isolated subsamples.
Those losses that were observed either were directly
related to analyte vapor pressure or were indepen-
dent of analyte chemistry (ie., highly halogenated,
recalcitrant compounds that are resistant to biologi-
cal degradation were lost as quickly as were bio-
degradable hydrocarbons). Both of these trends sug-
gest that volatilization was the dominant loss
mechanism during the experiments.

This study was designed to specifically assess the
question of the stability of VOC concentrations, in
the absence of volatilization losses over short peri-
ods (14-20 days), in soil subsamples or in subsam-
ples prepared for either aqueous extraction PT-GC-
MS or HS-GC analyses. To avoid volatilization
losses during the holding time experiments, spiked
(vapor fortified) soil les were sealed in
glass ampoules or held in vessels with closures that
either had to be pierced by a syringe needle or
quickly attached to a purge-and-trap system for the
removal of VOCs.

The soil subsamples used in this study were
spiked using a vapor fortification method (Hewitt
1993a, Hewitt, in press?). This method of spiking
soils with VOCs is precise, does not require the in-
jection of a carrier solvent, and is analogous to how
vadose zone soils become contaminated by VOC
vapors. The ts assess the concentration
stability of benzene (Ben), toluene (Tol), trans-1,2-
dichloroethylene (TDCE), and trichloroethylene
(TCE) in two soil matrices. These analytes are
among the most frequently identified VOCs found
at hazardous waste sites (Plumb and Pitchford 1985,
Zarrabi et al. 1991), and are representative of com-
pounds that biodegrade under anaerobic and aer-

EXPERIMENTAL

Soils

Two soils were used to assess analyte concentra-
tion stability over periods that ranged from 14 to 20
days: a reference matrix from the US. Army Envi-
ronmental Center that is a composite of several soils
from the Rocky Mountain Arsenal (RMA) in Den-
ver, Colorado, and a site-specific material collected
at CRREL. The CRREL soil was obtained between 5
and 15 cm below the surface in a location where the
vadose zone has been exposed to TCE vapors for the
past 20 years. The RMA soil has a sandy texture and
organic carbon content of 0.053%, while the CRREL

soil has a silty texture and a 0.34% organic carbon
content.

Soil preparation,
treatment and handling

The soils were processed by air-drying, sieving
through a 30-mesh screen and thoroughly mixing.
Doing this before treatment reduces the b
TCE in the CRREL soil to undetectable levels. Soil
subsamples were transferred into 1-mL glass am-
poules using a stainless-steel spatula and small plas-
tic funnel; 2-g of the RMA soil was used, while ei-
ther 1.25 or 1.75 g of the CRREL soil was used, de-
pending on the wall thickness of the glass ampoule.
These quantities of soil filled the ampoule to just be-
low a score mark on the neck, and they were
weighed to the nearest tenth of a milligram.

The soil subsamples were then placed inside of a
large (5.6-L) desiccator with a dish of CaSOy for at
least 24 hours. After desiccation the CaSO, was re-
moved and in a 60-mL glass bottle containing a
spiking solution was introduced. Stock solutions for
spiking the soil matrices were prepared by taking
approximately 0.60 g Tol, 0.59 g TCE, 0.50 g TDCE
and 0.35 g Ben and diluting into 100 mL of MeOH,
or0.52 g Tol, 0.73 g TCE, 0.62 g TDCE and 0.44 g Ben
and diluting into 25 mL of tetracthylene glycol dim-
ethyl ether (tetraglyme). These two different stock solu-
tions were further diluted with tetraglyme as shown in
Table 1 to prepare the spiking solutions necessary to
create the desired soil VOC treatment levels. All of the

This method of treatment relies on the vapor pres-
sures of the analytes in the spiking solution to create
a gaseous mixture in equilibrium with the liquid
phase. During the equilibrium, the VOC vapors im-
pregnate the soil grain surfaces. After 7 or more days
of this vapor fortification treatment, the desiccator
was opened and 5-mm-diameter glass beads were
placed on top each of the ampoules as temporary
caps. Then, the ampoules were quickly positioned
in a clamp and the necks were heat-sealed using a
propane plumber’s torch (Hewitt 1993a; Hewitt, in
P .

Holding time experiments

The first holding time experiment assessed the
analyte concentration stability for these two soils
while they remained confined in the 1-mL sealed
glass ampoules. In all, 12 subsamples of each soil
were prepared, so that two sets of duplicate sub-
samples could be sacrificed and analyzed after 0, 10
and 20 days of storage. For this initial experiment,
the soil subsamples were vapor fortified with the




‘Tabls 1. Foctification conditions and trestment sels.

Stock Volume of Volume Sod
solution stock dilsted in Soil weight (g) subsample
solvent tetraglywme (mL) solution (mL) RMA  CRREL  repliostes
Experiment 1
MeOH -3 50 20 175 6 duplicates
Experiment 2
Tetraglyme 0.1 10 20 125 4 triplicates
Experiment 3
Tetraglyme 02 10 20 175 4 triplicates
Experiment 4
Tetraglyme 001 10 20 175 4 triplicates
MeOH-based stock solution (Table 1). In addition, day 0, the subsample sets were split as shown in

just before the ampoules were heat-sealed, 200 L of
Type 1 water (Milli Q Millipore Corp.) was added to
five of the six duplicate sets, creating a moisture con-
mdlﬁummhmwunmodumdw
stimulate biological activity. To evaluate any influ-
mﬂatd\emtmdmbmofmnofwamrhadm
the VOC treatment levels, one of the two sets of
subsamples analyzed on day 0 was the one that had
not been moistened. The ini le sets
were split and stored at either 22 or 4°C (Table 2).
For the second experiment, 12 subsamples of each
soil were fortified and stored in sealed glass am-
poules from which triplicates sets were analyzed af-
ter holding periods of 0, 7 and 16 days. This experi-
ment, as well as those that follow, used fortification
solutions with no MeOH (Table 1). The soil sub-
samples for this experiment were also moistened
just prior to the sealing of the ampoule; however,
this time, 200 UL of groundwater contaminated with
1.76 mg TCE/L was added. Triplicate subsamples of
each soil type were held for 0 days, refrigerated
(4°C) and held for 7 and 16 days, or held for 16 days
at room temperature (22°C), prior to being sacrificed
andmlyzed('lhblez)
third holding time experiment was designed
tolookat&\estabahtyofﬂ\eVOCcamtmhuBm
les that had been prepared for HS-GC
analysis. On day 0, sealed ampoules containing for-
tified soils were placed inverted into VOA vials,
equipped with open-faced caps, having a Teflon-
lined silicone septum, and containing 30 mL of Type
1 water. After the VOA vials were closed, the am-
poules were broken and the soil dispersed by hand
dukmg.&xrephcawsofead\soilwe:epxepamdfor
all of which were analyzed after 0,
2,5 9 and 14 days by removing headspace vapors
with a gas-tight syringe. Following the analysis on

Table 2, so that triplicates of each sail type could be
stored refrigerated (4°C) or at room temperature
@2°C).
The fourth experiment was to assess
ility for samples obtained for Method
8240, low-level PT-GC-MS analysis. On day 0,
sealed of fortified soils were placed in
VOA vials containing 200 uL of groundwater con-
taminated with 18.4 ug TCE/L and equipped with
apmge-and-h’apadapter(AssouatedDe&gnmd
Company, Alexandria, Virginia,
Model PT-6005-0002). After the VOA vials were
closed, the inverted ampoules were broken and the
contents dispersed by hand shaking. Of each soil
type, 12 replicates were prepared for this experi-
ment, so that triplicate les could be sacri-
ficed and analyzed after 0, 4, 7 and 14 days of stor-
age at4°C (Table 2).

" Analysis

The subsamples from the first three experiments
were analyzed by HS-GC. Soil subsamples in sealed
glass ampoules (experiments 1 and 2) were pre-
pared for analysis by opening them inside closed 40-
mL VOA vials equipped with Teflon-lined silicone
septum caps and containing 30 mL of Type 1 water.
Inverted ampoules were opened by shaking the
VOA vial and causing the sealed tip of the enclosed
ampoule to break. All headspace samples were
shaken for 2 minutes prior to analysis to attain equi-
librium. Samples that were refrigerated between
analyses were allowed to warm to room tempera-
ture before they were agitated and analyzed. Head-
space vapors were transferred from the VOA vials
with gas-tight syringes (Hamilton) and concentra-
tions were established by to

comparison
headspace standards (Hewitt et al. 1992).




Table 2. Holding times and\storage conditions,

Experiment 1
Sealed ampoules
Day 0 Day 10
Moist/Dry 2/4°C
Experiment 2
Sealed ampoules
Day 0 Day7
- 4C
3
Dispersed in 30 mL of water
Day 0 Day 2
- 2/4C
4
Dispersed in VOA vial with PT adapter
Day 0 Day 4
- 4C

Day 20
n/4C

Day 16
22/4°C

Day 5 Day9 Day 14
2/4C 2/4C n/4C

Day?7 Day 14
4C 4£°C

The subsamples from the fourth experiment were
analyzed by PT-GC-MS, following the general SW-
846 Method 8240 guidelines for soils containing less
than 1 pg of VOCs/g (US. EPA 1986). These sub-

were held in VOA vials equipped with a
special adapter that allowed them to be quickly at-

Teflon ball is pushed out of an air-tight seat, which
momentarily (less than 1 second) creates an opening
of less than 1 mm? in the lid of the 44-cm?® vial.

gests that contaminated soils that do not have vapor
losses retain their VOC concentrations over a 20-day

The results in Table 4, for the second experi-
storage conditions—however, showed large losses
of benzene and toluene for one of the fortified soils.
After 16 days of storage at room temperature, the
CRREL soil lost benzene in excess of two orders of
magnitude (Fig. 1), while toluene decreased by
about 35% relative to the day 0 subsamples. Benzene
also dropped by 30% in the refrigerated CRREL soil

RESULTS

Sealed

In both experiments 1 and 2, the
VOC-fortified soils were held in
sealed ampoules for various periods
and stored both refrigerated (4°C)
and at room temperature (22°C). This
way of subsample storage is ideally
what has been intended for contami-
nated scils (containment in an air-
tight vessel filled to near capacity).
The results of the first experiment
(Table 3) show that neither the addi-
tion of 200 L of water just prior to
sealing nor the two holding periods

and temperatures tested caused ana- o
lyte concentration changes that were

4

10
Holding Period (days)
more than $13% of the values forthe  Figure 1. Stability of benzene concentrations (ug/g) in the CRREL soil
day 0 moist subsamples. This sug- subsamples that were isolated in sealed ampoules.




Table 3. Analyte concentrations (jig/g) from the fist experiment for soil sub-

samples stored in sealed giass ampoules.
Day0 Day 10 Day 20

Dry Moist 22°C £C 22°C £C
RMA Soil
TDCE 21411 2418 24404 2540.1 24104 2540.1
Ben 27409 25+0.9 29204 3010.2 27108 2741.1
TCE 3311 33413 35408 3740.0 34413 33£15
Tol 34408 3540.8 37108 3940.0 35413 351.7
CRREL Soil
TDCE 40404 4.0402 3.640.2 40404 35402 3.740.0
Ben 4.8402 48400 44402 48103 4.6¢0.1 4.540.0
TCE 8.840.1 8540.1 8.1102 8.8405 8.0:0.2 8.110.1
Tol 10402 9.840.2 9.340.2 1010.6 9.340.2 9.1402

Table 4. Analyte concentrations (jig/g) from the second
experiment for soil subsamples stored in sealed glass
ampoules.
Day? Day 16
Dey0 £©C 22°C C

RMA Soil

TDCB 43402 4.0103 4210.1 4.210.1
Ben 16404 1540.9 1540.2 15¢1.0
TCE 8.140.2 72405 74101 75404
Tol 1440.1 12405 13403 13409
CRREL Soil

TDCE 33402 25401 35404 3.3404
Ben 5.1402 50402 <0.01 3.6409
TCB 51102 43402 4.840.1 48104
Tol 1240.1 11404 77302 1111

subsamples after 16 days. As in the first experiment,
there were no large (more than 13%) losses of the
two chlorinated from either soil, while the
RMA soil didn't lose any of the analytes tested.
Overall, the results in Table 4 suggest that VOC
losses, presumably caused by biological degrada-
tion, are likely to depend on holding time, analyte,
soil type and storage temperature.

The first two experiments differed in the use of
MeOH as a solvent in the fortification stock solution
and by the type of water used to moisten the treated
soils before the were sealed. A previous
study determined that soils fortified with a 50-mL
solution containing equal volumes of MeOH and

would sorb on the order of 10 mg
MeOH/g, a level some three orders of magnitude
above the analytes of interest (Hewitt 1993b). The
differences in the benzene stability between these
two experiments may be explained by either the

Figure 2. Stability of benzene and toluene concentrations
(ug/g) in the CRREL soil subsamples prepared for HS-GC
analysis.

presence of MeOH, on a percent weight basis, inhib-
iting biological degradation, or the groundwater in-
troducing or stimulating biological activity. More
important than the reasons for the different results is
that these two experiments demonstrate the depen-
dency of analyte concentration stability on the ex-
perimental design. The second experiment, which
did not introduce MeOH to the substrate, more real-
istically portrays contaminated soils from a hazard-
ous waste site. Thus, depending on the type of soil,
aromatic VOCs such as benzene and toluene are
susceptible to rapid biodegradation, even when
confined in air-tight vessels.




Table 8. Analyte concentrations (ug/g) for soil subsamples

stored in VOA vials with 30 mL of wate

Day 0 Day 2 Day 5 Day 9 Day 14
. Room ternperstwre (22°C)
RMA
TDCB 46202 4.640.1 44402 4.240.1 42401
Ben 211 21107 2040.7 14411 14212
CE 87405 84402 8.110.4 7.640.1 7.640.1
ol A1 4 22409 25415 20044 18146
CRREL
TDCE 3.7402 37401 3.640.1 3.540.1 3.340.1
Ben 7.1402 6.340.1 5.740.1 <01 <01
TCE 6.040.2 5.640.1 5.410.1 48102 44303
Tol 14404 12402 12405 18409 <03
b. Refrigerated (4°C)
RMA
TOCE 46402 44402 42401 42901 4110.1
Ben 2411 20110 20403 20103 20406
TCE 87405 8.1104 7.540.2 7.540.1 7.3102
Tol 414 23413 21104 2406 20106
CRREL
TDCE 37402 3.640.1 35101 3340.1 32401
Ben 71402 62402 61402 48404 <01
TCE 6.0402 56402 54402 4.940.1 4.840.3
Tol 14404 12404 12405 1040.7 5.2+1.1
Headspace subsamples

Table 5 shows the results for those subsamples
stored as headspace samples (sealed VOA vials with
30 mL of Type 1 water). Regardless of storage tem-
perature (22 and 4°C), the concentration of benzene
decreased in excess of two orders of magnitude over
the 14-day holding period in the CRREL soil. How-
ever, as shown in Figure 2, the rate of benzene loss
was faster for the samples held at room temperature
than those that were refrigerated. Toluene also de-
creased in concentration in the CRREL soil sub-
samples. From day 0, about 97 and 60% of the tolu-
ene concentrations were lost after 14 days, under
both storage conditions (Fig. 2). These two aromatic
VOCs also appeared fo decrease in the RMA sub-
samples held at 22°C. However, here the 36 and 25%
decreases in benzene and toluene, respectively, over
the 14-day holding period were caused by reduc-
tions in only one of the subsample triplicates.

The concentrations of both benzene and toluene
in the refrigerated RMA soil subsamples and the
two chlorinated VOCs in all of the subsamples
showed a slight decreasing trend (Table 5). This
same trend was observed for a standard that was
also stored inverted in the refrigerator and analyzed

along with the subsamples (data not given here).
Since both the aqueous standard and soil slurry

subsamples behaved similarly, all having
this 10 to 20% decrease in analyte concentration over
the 14-day holding period, this effect was attributed
to losses caused by multiple punctures in the septa.
The removal of headspace vapors creates needle
punctures through the Teflon faced VOA septum,
providing a pathway for the loss of VOCs from solu-
tion by sorption into the silicone septurn. As in the
second experiment, VOC losses depended on the
analyte, soil type, storage temperature and holding
time. To avoid losses of these two aromatic hydro-
carbons, HS-GC analysis should be done within a
couple days of preparation.

Low level PT-GC-MS subsamples

The results in Table 6 again show that benzene
and toluene in the CRREL soil had the greatest
losses. Relative to day 0, more than 99 and 70%, re-
spectively, of these two aromatic VOCs were lost af-
ter 14 days of storage at 4°C (Fig. 3). Concentration
reductions were less than 22% for the two chlori-
nated VOCs in either soil and for the two aromatic




Table 6. Analyte concentrations (ng/g) for soil subsamples
stored in VOA vials with purge-and-trap adaptor cap (re-

GC-MS analysis and held for more than a couple of
days would be questionable for the assessment of

frigerated at 4°C). benzene and toluene.
Day0 Day 4 Day7 Dey 14

RMA DISCUSSION

TDCE 199414 172416 192405  19.0403

Ben 67.0439 588460  619i08 57.1x26  These four compounds degrade microbially at

TCE L1429 244434 271413  255¢14  different rates under different environmental condi-

Tol 609451 50379 565423 48343  tions. Labile hydrocarbons such as benzene and

CRREL toluene degrade rapidly in thf(e Sﬁt;sence o; a&mb:c
heterotropic microorganisms ita 1989). Under

::3 :ﬁ; gg:gg 975‘911"13: 9-5*1)1.2 aerobic conditions, chlorinated aliphatic organic

TCE 18070 1266015 1242067 1oys COmpounds resist degradation because of their oxi-

Tol 311047 3194097 26538  100i25 ized state (Russell etal 1992). Compounds that ex-
ist in an oxidized state are more likely to degrade

* ND = not detected.

5 10 5
Holding Time (days)

Figure 3. Stability of benzeme, toluene, trans-1,2-

dichloroethylene and tri lene in CRREL soil
subsamples prepared for PT-GC-MS analysis.

VOCs in the RMA soil. Consistent with the other
experiments in which these two soils were fortified
in the absence of MeOH, VOC stability depended
on analyte, holding period and soil type. Although
not tested, the concentration stability of both ben-
zene and toluene under these conditions would also
likely depend on storage temperature. Thus, in a
way similar to the soil subsamples for HS-
GC analysis, subsamples prepared for low level PT-

under reducing environmental conditions.

The analyte stability characteristics observed dur-
ing this study were consistent with both holding
time studies for natural waters and studies of bio-
logical degradation under aerobic conditions. Mas-
karinec et al. (1990) observed that, in general, chlori-
nated compounds were more stable than aromatic
hydrocarbons, while Roe et al. (1989) found benzene
to be more rapidly degraded than toluene. Likewise,
we found the two chlorinated compounds to be re-
calcitrant and benzene to degrade faster than tolu-
ene. Furthermore, the rate of degradation of these
two hydrocarbons increased when les were
prepared for analysis by either HS-GC or PT-GC-
MS, most likely because of the increased amount of
oxygen that was available once the ampoules had
been broken.

Both the activity of microorganisms and the
amount of total organic carbon (TOC) in soils vary
widely; however, often they are correlated. This,
combined with microbial activity being sensitive to
temperature, should result in VOC concentration
stabilities that depend on soil and ture.
Thus, it is not surprising that the RMA soil with
0.053% TOC showed greater fortified analyte stabil-
ity than the CRREL soil, which was taken from
within the top horizon that contained 0.34% TOC.
Moreover, analyte concentration stability improved
at the lower storage temperature.

Even though the analytes of interest were intro-
duced to the soil substrate in a fashion consistent
with what takes place at hazardous waste sites, the
desiccated state necessary for precise treatment dur-
ing vapor fortification inhibits microbial activity
(Hewitt 1993b). Furthermore, since water was not
introduced until the start of the holding period, it is
likely that the microbial activity continued to be be-
low normal for some period, perhaps days. Sup-




pressed biological activity at the start of these ex-
periments is another example how an experimental
design may have influenced the results. For this rea-
son, along with the limited number of soils tested,
caution must be used when applying the results of
this study. At best these findings are conservative,
underestimating the rate in which labile VOCs can
degrade in soil subsamples that await analysis.

These experiments successfully prevented losses
from volatilization, as shown by the stability of the
two chlorinated compounds in all cases and that of
benzene and toluene in the RMA soil matrix. In par-
ticular TDCE, the compound with the highest vapor
pressure, was remarkably stable during these differ-
ent tests. The analyte stability that was found in
many of the cases tested also infers that the vials and
adapters used for the HS-GC and low-level PT-
GC-MS analyses did not influence the VOC concen-
trations. Since both of these subsample preparation
protocols use partially filled VOA vials to hold the
sample between collection and analysis, it would be
easy to introduce a preservative prior to collection to
prevent biodegradation over periods of 14 days or
longer. Another advantage that would be gained by
using a preservative is that refrigeration would no
longer be necessary. This would not only lower
shipping charges but reduce the amount refrigera-
tion needed on-site.

In terms of providing a single procedure for all
soils and VOCs of concern, the findings of this study
show that, even under ideal conditions (air-tight
vessel filled to near capacity), the present 14-day
holding period at 4°C is likely too long. Keeping in
mind that soil samples should only be transferred
once for the most representative VOC concentra-
tions, workers must place subsamples into vessels
that are suitable for analysis or that contains a sol-
vent in which VOCs are soluble. If prepared for ei-
ther HS-GC or low level PT-GC-MS (not immersed
in MeOH), subsamples should be analyzed within a
couple of days, or less. For practical reasons, a
holding time of less than 14 days will seldom be
achieved when samples are shipped off-site for
laboratory analysis. Sample chemical preserva-
tion is the most reasonable way to maintain repre-
sentative VOC concentrations in soils when hold-
ing times cannot be avoided.

CONCLUSION
Holding time studies for VOCs in a soil matrix not

susceptible to volatilization losses found that con-
centration stability depended on analyte, soil type,

temperature and experimental design. Benzene, in
particular, appears to be susceptible to rapid reduc-
tions, presumably by biological degradation, even
when soil samples were stored in a sealed glass am-
poule. Soil subsamples prepared for either HS-GC
or PT-GC-MS analysis showed complete or appre-
ciable reductions in benzene and toluene, respec-
tively, over 14 days at 4°C. Soil samples that are not
immersed in MeOH and are held for several days
without preservation measures beyond refrigera-
tion at 4°C will be compromised for VOC analysis.
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